In India, many flowers are consumed as food. During the present study, 37 flowers have been analyzed for their 1,1-diphenyl-2-picrylhydrazyl radical scavenging activity and total antioxidant capacity. The flowers were found to have different levels of antioxidant properties in the systems tested. On the basis of the activity and availability, a few flowers were further studied for hydroxyl radical scavenging activity, superoxide radical scavenging activity, lipid peroxidation prevention, and DNA damage prevention properties. The correlations suggest that the total phenol contents of the flowers were responsible for the antioxidant properties of the aqueous extracts. The unweighted-pair group average dendrogram showing interrelationships between the investigated species grouped them into two high level clusters based on activity.
INTRODUCTION
Studies to date have demonstrated that phytochemicals in common fruits and vegetables can have complementary and overlapping mechanisms of action, including scavenging oxidative agents, stimulation of the immune system, regulation of gene expression in cell proliferation and apoptosis, hormone metabolism, and antibacterial and antiviral effects. [1] Flowers are consumed as food by many people of India. Flavonols, flavone, gallic acid, proanthocyanidins, and anthocyanins are the widely distributed group of polyphenols present in different flowers. [2, 3] These compounds have been reported to have antitumor, anticancer, antifertility, and antioxidant activities. [4] [5] [6] [7] [8] [9] [10] [11] During the present work, a comparative study of some flowers of West Bengal, India has been made for their free radical scavenging activity and property to prevent lipid peroxidation and DNA damage.
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MATERIALS AND METHODS
Plant Materials
Thirty-seven flowers, used as food by the santhals and other people of West Bengal, were collected from Sundarban to Chotanagpur plateau areas in the Western part of West Bengal and their ethnobotanical uses as food were recorded (Table 1) . Cultivars were obtained from the Department of Agriculture, Sriniketan, Visva-Bharati, and experimental garden, Baruipur, University of Calcutta from naturally cultivated plants that were not treated with chemical fertilizers and pesticides. Vouchered specimens are deposited in the Herbarium, Surendranath College, Kolkata. The flowers or other floral parts were air-dried and then dried in an incubator at 40
• C.
Preparation of Extract
The dried powdered flowers (1-10 mg) were boiled for 2 min in double distilled water, centrifuged, and the supernatants were used for analyzing antioxidant activity in vitro.
Chemicals
Chemicals, such as ethylenediamine tetra acetic acid (EDTA), trichloroacetic acid (TCA), butanol, ammonium molybdate, and sodium dodecyl sulphate, were purchased from E. Merck Ltd. (Mumbai, India). 1,1-Diphenyl-2-picrylhydrazyl (DPPH) was procured from Sigma (St. Louis, MO, USA). Thiobarbituric acid (TBA) was purchased from Spectrochem PVT. Ltd. (Mumbai, India). Nitro-blue-tetrazolium, Herring sperm DNA, and calf thymus DNA were obtained from Sisco Research Laboratories PVT. Ltd. (Mumbai, India). All other reagents were of analytical grade.
DPPH Radical Scavenging Assay
The method described by Braca et al. [12] was followed for determining the antioxidant activity of the extracts on the basis of the scavenging activity of the stable DPPH free radical.
Superoxide Radical (O 2
•− ) Scavenging Assay
The assay was based on the capacity of the extracts to inhibit the photochemical reduction of Nitroblue tetrazolium (NBT) in the presence of riboflavin-light-NBT system. [13] O 2 •− .radicals were generated by illuminating a solution containing riboflavin. The percentage inhibition of O 2
•− generation was measured by comparing the absorbance values of the control and those of the reaction mixture containing sample solution. [14] 
Assay of Hydroxyl Radical (•OH) Scavenging Activity
The assay was based on the benzoic acid hydroxylation method. [15] Benzoate is hydroxylated to hydroxybenzoates. Benzoate is weakly fluorescent, but after monohydroxylation forms highly fluorescent products. [16] The fluorescence was measured at 407 nm emission and excitation at 305 nm. Measurement of fluorometric changes has been used to detect damage by •OH radicals. 
Lipid Peroxidation Assay
A modified [14] thiobarbituric acid reactive species (TBARS) assay [17] was used to measure the lipid peroxide formed using egg yolk homogenates as lipid-rich media. [18] Malondialdehyde (MDA), a secondary end product of the oxidation of polyunsaturated fatty acids, reacts with two molecules of thiobarbituric acid (TBA) yielding a pinkish red chromogen with an absorbance maximum at 532 nm, which was measured. [17] In materials containing anthocyanin that also absorbs strongly at 532 nm, the method described by Banerjee et al. [19] was followed to eliminate the non-MDA interference.
Determination of Total Antioxidant Capacity
The assay is based on the reduction of Mo (VI) to Mo (V) by the extract and subsequent formation of a green phosphate/Mo (V) complex at acidic pH. [20] The antioxidant capacity is expressed as ascorbic acid (µg) equivalent per mg plant material.
DNA Damage Prevention Assay
An in vitro assay [21] was followed by the Fenton reaction leading to formation of TBA-reactive substance and chromogen with a maximum absorption at 532 nm. [21] [22] [23] The reaction mixture (1.5 ml in a tube) contained 0.75 mg of Herring sperm DNA, 0.5 mM EDTA in 25 mM phosphate buffer, pH 7.4. The TBARS was measured by the addition of 1.5 ml of TBA (0.7% in 0.05 N KOH) and 1.5 ml of 2.5% TCA to the mixture. After heating at 100
• C for 8 min in boiling water, the mixture was cooled and centrifuged and the supernatant was read at 532 nm. Another set of samples was treated in the same way, incubating without TBA to subtract the absorbance of anthocyanin (for the materials containing anthocyanin). Protection of DNA damage by aqueous extracts of flowers at different concentrations was calculated.
Determination of Total Phenol Content
Total phenol content was determined by Folin-Ciocalteau reagent in alkaline medium [24] and was expressed as gallic acid equivalent.
Determination of Total Flavonoid Content
Total flavonoid content was measured following Kim et al. [25] and expressed on a fresh weight basis as µg/100 mg catechin equivalent.
Determination of Total Anthocyanin Content
Anthocyanin in the dried powdered material was extracted with methanol containing 1% HCl for 24 h at 4
• C and was estimated spectrophotometrically at 535 nm using the molar extinction coefficient 29,500 M −1 cm −1 for cyanidin-3-monoglucoside (molecular weight, 445.2 g mole −1 ). [26] 
Statistical Analysis
Correlation coefficients to determine the relationship between two variables (concentrations and percent inhibition; different radical scavenging tests, content of total phenolic compounds) were calculated using MS Excel software (Hyderabad, India) (CORREL statistical function). In all of the tests, r varies from 0.78 to 1, which is a considerable value. [27] Unweighted-pair group average (UPGA) dendrogram was prepared using STATISTICA 6.0 (Statsoft, New Delhi, India).
Determination of IC 50 Value
Taking 0% inhibition in the mixture without plant extract, regression equations were prepared from the concentrations of the extracts and percentage inhibition of free radical formation/prevention of lipid peroxidation in different systems of assay. IC 50 values (concentration of sample required to scavenge 50% free radical or to prevent lipid peroxidation by 50%) were calculated from these regression equations. A lower IC 50 value indicates stronger antioxidant activity.
RESULTS AND DISCUSSION
A large number of flowers are consumed as food in West Bengal, India. Thirty-seven flowers were tested for DPPH radical scavenging activity and total antioxidant capacity. On the basis of the activity and availability, a few food flowers were further studied for hydroxyl radical scavenging activity, superoxide radical scavenging activity, and prevention of lipid peroxidation and DNA damage prevention properties. Table 2 shows the comparative data of DPPH radical scavenging activity and total antioxidant capacities (ascorbic acid equivalent) of the flowers. Superoxide and hydroxyl radical scavenging activities, lipid, and DNA damage preventing properties of selected flowers are shown in Table 3 .
The aqueous extracts of the flowers scavenged DPPH radical in a dose dependent manner (correlation coefficient (r) values between 0.85-1). The highest activity was observed in E. officinalis flower extract. The total antioxidant capacities (equivalent to ascorbic acid) of the food flowers were measured. The strongest activity was observed in E. officinalis. The UPGA dendrogram showing interrelationships between the investigated species ( Fig. 1 ) reveals that the varieties are grouped into two high-level clusters. The cluster I brought together C. maxima and F. racemosus receptacle with very low DPPH-RSA and very low to low total antioxidant capacity (TAC). Cluster II included two lower-level clusters (IIA and IIB). IIA included flowers/flower parts with low DPPH-RSA and low TAC. IIB is again segregated into two groups: IIB1 and IIB2. IIB1 includes the single flower E. officinalis with very high DPPH-RSA and TAC. Cluster IIB2 is again segregated into IIB2a and IIB2b. IIB2a includes the flowers with high DPPH-RSA and medium TAC (except R. centifolia with very high DPPH-RSA; B. campestris with medium DPPH-RSA and low TAC). IIB2b brings the flowers with medium DPPH-RSA and low to medium TAC into a group. This group again is divided into two lower groups. IIB2b/1 includes the flowers with DPPH-RSA in between 300-415 µg/ml together. Flowers with DPPH-RSA in between 416 to 600 µg/ml are grouped into IIB2b/2.
The super oxide radical (O 2 •− ) is a highly toxic species that is generated by numerous biological and photochemical reactions. Photochemical reduction of flavins generates O 2
•− , which reduces NBT, resulting in the formation of blue formazan. [13] The formation of blue formazan was inhibited by the flower extracts in a dose-dependent manner (correlation coefficient (r) values ranged from 0.9-1.0). Of the food flowers analyzed, the highest activity was found in H. mutabilis (Table 3) . Among the reactive oxygen species, the •OH radical is the most reactive and induces severe damage to the adjacent biomolecules. [28] •OH radicals are generated by direct addition of iron (II) salts to a reaction mixture containing phosphate buffer. [28] All the flowers showed good correlation between activity and concentration (correlation coefficient [r] value ranged between 0.85-1). The highest activity was recorded in R. centifolia (Table 3 ). The lowest activity was recorded in A. cepa peduncle.
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Egg yolk lipid undergoes rapid non-enzymatic peroxidation when incubated in the presence of ferrous sulphate. All the flowers analyzed inhibited lipid peroxidation in a dose dependent manner (correlation coefficient [r] ranged between 0.94-0.99). Of the food flowers analyzed, the highest activity was observed in H. mutabilis (Table 3) .
The Fenton reaction system caused damage to DNA as measured by production of TBARS (possibly from degradation of deoxyribose). The ROS involved in the damage to DNA by Fenton reagents were mainly •OH. [21] The DNA damage protective property of plant extracts is probably due to their •OH scavenging property. The in vitro assay using Herring sperm DNA shows significant protection of DNA by aqueous extracts of the flowers (Table 3 ). In all of the methods, percent inhibition of free radicals by the aqueous extracts were dose dependent with linear correlation (correlation coefficient [r] ranged between 0.83-1). Among food flowers studied, M. longifolia exhibited the highest protection followed by S. grandiflora. The activities in these two flowers were not significantly different. The total anthocyanin content, phenol content, and flavonoid content in different food flowers are presented in Table 4 . Flowers and ripe calyces of H. sabdariffa are reported to contain flavonoids, anthocyanin, and organic acids. [29] H. sabdariffa archer where anthocyanin is absent also showed good activity. The result can be rationalized by taking into account the presence of organic acids and other phenols. In H. mutabilis, flavonoids change from morning to evening flowers. Cream-white morning flowers of H. mutabilis become red due to production of anthocyanin in the evening. However, the differences in the antioxidant activities, as measured by DPPH radical scavenging activity and total antioxidant capacity, of the morning and evening flowers of H. mutabilis (Table 2) are not statistically significant. The total phenol contents were similar in the morning and evening flowers (Table 4) . O. tenuiflorum, which is reported to contain eugenol, anthocyanin, and β-caryophyllene [30] and O. sanctum containing phenols and essential oils, [31] were shown to have similar antioxidant activity ( Table 2 ). Correlations of antioxidant activities (as determined by IC 50 values) and phenol content (Table 5 ) were compared. The correlations suggest that the total phenol contents of the flowers were responsible for the antioxidant properties of the aqueous extracts.
CONCLUSION
From the present study, it can be concluded that the flowers consumed as food in West Bengal, India, have antioxidant properties. Because of such properties it is concluded that different edible flowers could be attractive as a novel food to the world population. 
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